Summary. Golden hamster spermatozoa were incubated in a medium consisting of 50% Tyrode's solution and 50% \g=g\-globulin-free human serum (gas phase, air). 
INTRODUCTION
When hamster epididymal spermatozoa are suspended in a medium capable of inducing capacitation, a distinct series of events can generally be observed. In a mixture of Tyrode's solution and detoxified blood serum, they show an initial burst of activity and soon agglutinate head-to-head. After agglutination, sperm motility is markedly reduced for 1 to 1£ hr but with the passage of time, motility steadily increases until spermatozoa begin to break away from the 56 Cherrie A. Mahi and R. Yanagimachi agglutinations. About this time, there is a noticeable change in the swimming behaviour of the spermatozoa characterized by vigorous and extreme flexing of the flagella. This is referred to as 'activation' (Yanagimachi, 1970a) and is very different from the initial burst of motility of epididymal spermatozoa which occurs when they are first suspended in an oxygen-rich medium. Soon after the start of activation, many of the spermatozoa lose the anterior segment of the acrosome (acrosomal cap; Yanagimachi & Noda, 1970) . This is called the acrosome reaction. If eggs are introduced at the peak of sperm activation and the acrosome reaction, fertilization will take place quickly.
The relationship of sperm activation and acrosome reaction to capacitation
is not clear at the present time. However, at least in the hamster, it seems that activation and the acrosome reaction occur either as final stages of capacitation (Yanagimachi, 1969a) (Barros & Austin, 1967; Gwatkin & Andersen, 1969; Yanagi¬ machi, 1969a, b) and blood serum (Barros & Garavagno, 1970; Yanagimachi, 1970a, b) . Even with these fluids, variations in results are almost the rule rather than the exception. Commercially available sera, in particular, produce highly varied results as Yanagimachi (1970b) (Yanagimachi, 1970b (Table 3) was deter¬ mined using an osmometer (Osmette, Precision Systems). Spermatozoa were suspended in the remaining portion of each mixture at the concentration of 4 to 6xl03 spermatozoa/µ , then 0-1 ml of each suspension was placed under mineral oil in a watch-glass. The preparations were incubated at 37°C for 4 hr (gas phase, air). No significant differences in pH at the beginning or end of incubation were found in association with varying osmolalities. 58 Cherrie A. Mahi and R. Yanagimachi pH effects
The spermatozoa were suspended in ordinary Tyrode's solution (pH 7-8 to 7-9) at a concentration of 8 to 12xl03 spermatozoa/µ , then 0-4 ml of the suspension was mixed with an equal volume of AGHS (pH 7-0 to 7-3) in a plastic organ culture dish (Falcon Plastics) and immediately covered with mineral oil. The pH of the mixture in each dish was measured with a microelectrode and adjusted to the desired level (6-0 to 8-5, Table 4 ) with either if N-NaOH or^n-HCI. The preparations were incubated for 4 hr at 37°C (gas phase, air), then following the examination for activation and acrosome reaction, the final pH of each preparation was measured.
With the system used in the study, the pH values of the preparations did not stay constant except when the initial pH was about 7-8 (see Table 4 ). We have tested other gas phases, acids, bases and buffers (e.g. phosphate, citrate and tris buffers), but they either failed to hold the pH constant or, if they did so, had detrimental effects on the spermatozoa.
For studies of the effects of temperature, osmolality and pH, the spermatozoa in each dish were examined periodically during incubation with a dark field microscope ( 60) 
RESULTS

Temperature effects
In this paper, the activation time refers to the time at which the motility pattern of nearly all of the free-swimming spermatozoa changed to the pattern characteristic of activation. The spermatozoa usually began to break away from the agglutinations at variable times before the activation time and a few of these free spermatozoa showed activated movement, thus making the onset of activation rather difficult to assess accurately. At the activation time, on the other hand, the swimming behaviour of nearly all of the free-swimming sper¬ matozoa changed markedly within a very few minutes so that the activation time could be accurately determined. After the activation time, increasing numbers of activated spermatozoa broke away from the agglutinations until a numerical peak or maximum was reached. The time at which this peak was reached was too variable to be useful. (Yanagimachi, 1970a) , then swam more linearly for a short distance before again briefly showing the characteristic activation (5) activation never occurred at 20°C , but it did take place instantly when the suspensions were warmed to 37°C following 13^h r incubation at 20°C. These facts, especially the fourth point, suggest that at least three processes with different degrees of temperature-dependence are involved in sperm activation and the acrosome reaction. The first process is a preparatory phase for activation and the acrosome reaction and perhaps involves the membrane changes suggested by Bedford (1970) and Ericsson & Buthala (1970) , and the metabolic changes suggested by Hamner (1970) and Bishop (1971) . The rate at which this process is completed is dependent on temperature (e.g. 2| hr at 37°C , 13j hr at 20°C ). The second process is the actual activation of the spermatozoa. This process is initiated by the completion of the first process. It proceeds quickly at 31 to 40°C and is not significantly affected by tem¬ perature variations within this range; below 31°C , however, this process is temperature-dependent. The acrosome reaction is the end result of the third process. The pattern of temperature-dependence of the third process is very similar to that of the second process, indicating a possible relationship. (Olds & VanDemark, 1957) . In the rabbit, semen has a freezing point depression of -0-55 to -0-59°C (Mann, 1964; ~2 95 to 320 mosmol) and oviducal fluid has an osmolality of about 375 mosmol (Hamner & Fox, 1969 As in the bull (Drevius, 1963; O'Donnell, 1972) , rabbit and human (Drevius, 1963) (Mann, 1964) . Most authors agree that a nearly neutral pH is optimal for the survival of most mammalian spermatozoa (Mann, 1964) . According to Emmens (1947) Gregg (1971) (Blandau, Jensen & Rumery, 1958) , 6-8 to 7-0 for the sheep and 7-75 to 8-0 for the rabbit (Bishop, 1957; Vishwakarma, 1962; Hamner & Fox, 1969) . Although no data are available for the pH of the oviduct fluids of oestrous hamsters, the pH is probably well within the range of 7-2 to 8-2, which is most favourable for activation and acrosome reaction in vitro. Bavister (1969) 
